Kinetics of folding of guanidine-denatured hen egg white lysozyme and carboxymethyl(Cys6,Cys127)-lysozyme: a stopped-flow absorbance and fluorescence study.
The folding kinetics of hen egg white lysozyme and of a three-disulfide derivative of lysozyme [carboxymethyl(Cys6,Cys127)-hen egg white lysozyme] have been studied by absorbance- and fluorescence-detected stopped-flow techniques. A "very-fast" phase with a time constant in the millisecond range has been observed by both absorbance and fluorescence when unfolded lysozyme in 4 M guanidine hydrochloride, 100 mM phosphate buffer, and pH 2.0 is refolded at 0.5 M guanidine hydrochloride, 100 mM phosphate, and pH 6.7. Data obtained from fluorescence-detected refolding studies show that a transient intermediate is formed during the very-fast refolding phase. This intermediate is characterized by substantial quenching of tryptophan fluorescence. In addition, analysis of the fluorescence data indicates the presence of an additional "burst" phase that occurs within the dead time of the instrument, < 3 ms. The very-fast phase is not observed during the refolding of the three-disulfide derivative. In addition, the three-disulfide derivative re-attains the final native folded conformation more rapidly than the unmodified protein over the range of temperatures studied (10-20 degrees C). We conclude that, not only does the presence of the disulfide bond between Cys6 and Cys127 slow down the overall folding process of lysozyme, but it also directs the folding of lysozyme through a pathway characterized by a non-native tertiary interaction(s).